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(57) Abstract 

A recommendations service recommends items to individual users based on a set of items that are known to be of interest to the user, 
such as a set of items previously purchased by the user. The service is used to recommend products to users of a merchant's Web site 
(30). The service generates the recommendations using a previously-generated table (60) which maps items (62) to lists (64) of '^similar" 
items. The similarities reflected by the table (60) arc based on the collective interests of the community of users. To generate personal 
recommendations, the service retrieves from the table (60) the similar items lists (64) comcsponding to the items known to be of interest to 
the user. These similar items lists (64) are appropriately combined into a single list, which is then sorted and filtered to genwate a list of 
recommended items. Also disclosed are various methods for using the current and/or past contents of a user's electronic shopping cart to 
generate recommendations. 
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COLLABORATIVE RECOMMENDATIONS 
USING ITEM-TO-ITEM SIMILARITY MAPPINGS 

FTFT.n OF THE rNVENTION 
The present invention relates to infonnation filtering and recommendation systems. 
5 More specifically, the invention relate to methods for predicting the interests of individual 
users based on the known interests of a community of users. 

R ACKGROUN H OF T^. TNVENTIQN 
A recommendation service is a computer-implemented service that reconmiends items 
fiom a database of items. The recommendations are customized to particular users based on 
10 information known about the users. One common application for recommendation services 
involves recommendmg products to online customers. For example, online merchants 
commonly provide services for reconmiending products (books, compact discs, videos, etc) to 
customers based on profiles that have b^ developed for such customers. Recommendation 
services arc also common for recommending Web sites, articles, and other types of 
1 5 informational content to us^. 

One technique commonly used by recommendation services is known as content- 
based filtering. Pure content-based systems operate by attempting to identify items vMch, 
based on an analysis of item content, are similar to items that arc known to be of interest to the 
user. For example, a content-based Web site recommendation service may operate by parsing 
20 the user's favorite Web pages to generate a profile of commonly-occuiring terms, and then use 
this profile to search for oflier Web pages that include some or all of these terms. 

Content-based systems have several significant limitations. For exanq)le, content- 
based methods generally do not provide any mechanism for evaluating the quality or 
popularity of an item. In addition, content-based methods generally requirc that the items 
25 include some form of content that is amenable to featurc extraction algorithms; as a result, 
content-based systems tend to be pooriy suited for recommending movies, music titles, 
authors, restaurants, and other types of items that have little or no usefiil, parsable content 

Another common recommendation technique is known as collaborative filtering. In a 
pure collaborative system, items arc recommended to users based on the interests of a 
30 community of users, without any analysis of item content Collaborative systems conunonly 
operate by having the users rate individual items &om a list of popular items. Through this 
process, each user builds a personal profile of ratings data. To generate recommendations for 
a particular user, the user's profile is initially compared to the profiles of other users to 
idaitify one or more "similar users." Items that were rated highly by these similar users (but 
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\^ch have not yet been rated by the user) are then recommended to the user. An important 
benefit of collaborative filtering is that it overcome the above-noted deficiencies f content- 
based filtmng. 

As with content-based filtering methods, however, existing collaborative filtering 
5 techniques have several problems. One problem is that the user is commonly faced with the 
onCTOUS task of having to rate items in the database to build up a personal ratings profile. This 
task can be fiiistrating, particularly if the user is not femiliar with many of the items that are 
presented for rating purposes. Further, because collaborative filtering relies on the existence 
of other, similar users, collaborative systems tend to be poorly suited for providing 
1 0 recommendations to users that have unusual tastes. 

Another problem with collaborative filtering techniques is that an item in the database 
normally cannot be reconunended until the item has been rated. As a result, the operator of a 
new collaborative recommendation system is commonly faced with a "cold start" problem in 
\A)ich the service cannot be brought online in a useful form until a threshold quantity of 
1 5 ratings data has been collected. In addition, even after the service has been brought online, it 
may take months or years before a significant quantity of the database items can be 
recommended. 

Another problem with collaborative filtering methods is that the task of comparing 
user profiles tends to be time consuming — particularly if the number of users is large (e.g., 

20 tens or hundreds of thousands). As a result, a tradeoff tends to exist between response time 
and breadth of analysis. For example, in a recommendation system that generates real-time 
recoiimiendations in response to requests from users, it may not be feasible to compare the 
user's ratings profile to those of all other users. A relatively shallow analysis of the available 
data (leading to poor recommendations) may therefore be performed. 

25 Another problem with both collaborative and content-based systems is that they 

generally do not reflect the current preferences of the community of users. In the context of a 
system that recommends products to customers, for example, there is typically no mechanism 
for fiivoring items that are currendy "hot sellers." In addition, existing systems do not provide 
a mechanism for recognizing that the user may be searching for a particular type or category 

30 of item. 

SUMMARY OF THE DISCLOSURE 
The present invention addresses these and other problems by providing a computer- 
implemented service and associated methods for generating personalized recommendations of 
items based on the collective interests of a community of users. An important benefit of the 
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service is that the recommendations are generated without the ne^ for die user, or any other 
users, to rate items. Another important benefit is that the recommended items are identified 
using a previously-generated table or other m^ing structure which maps individual items to 
lists of "similar^' items. The item similarities reflected by the table are based at least upon 
5 correlations between the interests of users in particular items. 

The types of items that can be recommended by the service include, without limitation, 
books, compact discs CCDs**), videos, authors, artists, item categories, Web sites, and diat 
groups. The service may be implemented, for example, as part of a Web site, online services 
network, e-mail notification service, document filtering system, or other type of computer 

10 system that explicitly or unplicitly recommends items to users. In a preferred embodiment 
described herein, the service is used to recommend works such as book titles and music titles 
to users of an online merchant's Web site. 

In accordance with one aspect of the invention, the mappings of items to similar itons 
("item-to-item mappings") are generated periodically, such as once per week, by an ofiF-line 

1 5 process which identifies correlations between known interests of users in particular items. For 
example, in the embodiment described in detail below, the mappings are generating by 
periodically analyzing user purchase histories to identify correlations between purchases of 
items. The similarity between two items is preferably measured by determining the ntmibo" of 
users that have an interest in both items relative to the number of users that have an interest in 

20 either item (e.g., items A and B are highly similar because a relatively large portion of the 
users that bought one of the items also bought the other item). The item-to-item mappings 
could also incorporate other types of similarities, including content-based similarities 
extracted by analyzing item descriptions or content. 

To generate a set of reconunendations for a given user, the service retrieves fi^om the 

25 table the similar items lists corresponding to items already known to be of interest to the user, 
and then appropriately combines these lists to generate a list of recommended items. For 
example, if there are three items that are known to be of interest to the user (such as three 
items the user recently purchased), the service may retrieve the similar items lists for these 
three items irom the table and combine these lists. Because the item-to-item m^pings are 

30 regenerated periodically based on up-to-date sales data, the recommendations tend to reflect 
the current buying trends of the community. 

In accordance witii another aspect of tiie invention, the similar items lists read firom the 
table may be ^ropriately weighted (prior to being combined) based on indicia of the user's 
affinity for, or current interest in, the corresponding items of known interest For exang)le, the 
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Similar items Ust for a book that was purchased in the last week may be weighted more 
heavUy than the simUar items list for a book that was purchased four months ago. Weighting 
a similar items Ust heavily has the effect of increasing the likelihood that the items in that list 
wUl be included in the recommendations that are ultimately presented to the user. 

5 An important aspect of the service is that the relatively computation-intensive task of 

conelating item interests is performed off-line, and the results of this task (item-to-item 
mappings) stored in a mapping structure for subsequent look-up. This enables the personal 
recommendations to be generated rapidly and efficiently (such as in real-time in response to a 
request by the user), without sacrificing breadth of analysis. 

10 Another feature of the mvention involves using the current and/or recent contents of 

the user's shopping cart as inputs to the recommendation service (or to another type of 
recommendation service which generates recommendations given a unary listing of items). 
For example, if the user currently has three items in his or her shopping cart, these three items 
can be treated as the items of known interest for purposes of generatii^ recommendations, in 

1 5 which case the recommendations may be generated and displayed automaticaUy w*en the user 
views the shopping cart contents. Using the current and/or recent shopping cart contents as 
iiqnits tends to produce recommendations that are highly correlated to the current short-tam 
interests of the user — even if these short term interest differ significantly firom the user's 
general preferences. For example, if the user is currenUy searching for books on a particular 

20 topic and has added several such books to the shopping cart, this method will more likely 
produce other books that involve the same or similar topics. 

Another feature of the invention involves allowing the user to create multiple shopping 
carts under a single account (such as shopping carts for different family membras), and 
generating recommendations that are specific to a particular shopping cart. For example, the 

25 user can be prompted to select a particular shopping cart (or set of shopping carts), and the 
recommendations can then be generated based on the items that were purchased fiom or 
otherwise placed into the designated shopping cart(s). This feature of the invention allows 
users to obtain recommendations that correspond to the role or purpose (e.g., work versus 
pleasure) of a particular shopping cart 

30 Two specific implementations of the service are disclosed, both of which generate 

personal recommendations using the same type of table. In the first implementation, die 
recommendations are based on the items that have recently been rated or purchased by the 
user. In the second implementation, the recommendations are based on the current shopping 
cart contents of the user. 
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RP ^ nF.SCRIPnON f^TT THP. DRAWINGS 
These and other features of the invention will now be described with reference to the 

drawings summarized below. These drawings and the associated description are provided to 

iUustrate a preferred embodiment of the invention, and not to limit the scope of the inventioa 
Figure 1 iUustrates a Web site which implements a recommendation service which 

operates in accordance with tiie invention, and illustrates tiie flow of information between 

components. 

Figure 2 iUustrates a sequence of steps that are performed by die recommendation 
process of Figure 1 to generate personalized recommendations. 

Figure 3 iUustrates a sequence of steps tiiat are performed by the table generation 
process of Figure 1 to generate a similar items table, and illustrates temporary data structures 

generated during the process. 

Figure 4 is a Venn diagram illustrating a hypothetical purchase history profile of three 

items. 

Figure 5 illustrates one specific implementation of the sequence of steps of Figure 2. 
Figure 6 iUustrates die general form of a Web pages used to present the 
recommendations of the Figure 5 process to die user. 

Figure 7 Ulustrates another specific implementation of the sequence of steps of Figure 

2. 

nPTAILED DF-SrRTPTION Q F PRKFERREP FMRODIMENTS 
The various features and methods of the invention wiU now be described in the context 
of a recommendation service, including two specific implementations thereof that is used to 
recommend book titles, music tides, video tides, and other types of items to individual users of 
die Amazon-com Web site. As wUl be recognized to diose skiUed in the art, die disclosed 
mediods can also be used to recommend oflier types of items, including non-physical items. 
By way of example and not limitation, die disclosed mediods can also be used to recommend 
audiors, artists, categories or groups of tides, Web sites, chat groups, movies, television 
shows, downloadable content, restaurants, and odier users. 

Throughout die description, reference wUl be made to various implementation-specific 
detaUs of die recommendation service, die Amazon.com Web site, and odier recommendation 
services of die Web site. TTiese detaUs are provided in order to fuUy Ulustiate preferred 
embodiments of die invention, and not to limit die scope of die invention. TTie scope of die 
invention is set forth in die appended claims. 
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I. Overview of Web Site and Recommendatjon Services 

The AmazoiLCom Web site include functionality for allowing users to search, browse, 
and make purchases fiom an online catalog of several million book titles, music titles, video 
titles, and other types of itenis. Using a shopping cart feature of the site, users can add and 

5 remove items to/from a personal shopping cart which is persistent over multiple sessions. (As 
used herein, a "shopping cart*' is a data structure and associated code which keeps track of 
items that have been selected by a user for possible purchase.) For example, a user can 
modify the contents of the shopping cart over a period of time, such as one week, and then 
proceed to a check out area of the site to purchase the shopping cart contents. 

1 0 The user can also create multiple shopping carts within a single account. For example, 

a user can set up separate shopping carts for work and home, or can set up separate shopping 
carts for each member of the user*s family. A preferred shopping cart scheme for allowing 
users to set up and use multiple shopping carts is disclosed in U.S. Appl. No. 09/104,942, filed 
June 25, 1998, titled METHOD AND SYSTEM FOR ELECTRONIC COMMERCE USING 

15 MULTIPLE ROLES. 

The site also implements a variety of different recommendation services for 
recommending book titles, music titles, and/or video titles to users. One such service, known 
as BookMatcher™, allows users to interactively rate individual books on a scale of 1-5 to 
create personal item ratings profiles, and ^plies collaborative fdtermg techniques to these 

20 profiles to generate personal recommendations. The BookMatcher service is described in 
detail in U.S. Appl. No. 09/040,171 filed March 17, 1998. The site may also include 
associated services that allow users to rate other types of items, such as CDs and videos. As 
described below, the ratings data collected by the BookMatcher service and similar services is 
optionally incorporated into the recommendation processes of the present invention. 

25 Another type of service is a recommendation service which operates in accordance 

with the invention. The service C*Recommendation Service**) is preferably used to 
recommend book tides, music tides and/or videos titles to users, but could also be used in the 
context of the same Web site to recommend other types of items, including authors, artists, 
and groups or categories of titles. Briefly, given a unary listing of items that are "known" to 

30 be of interest to a user (e.g., a Ust of items purchased, rated, and/or vievred by the user), the 
Recommendation Service generate a list of additional items ("recommendations") that are 
predicted to be of interest to the user. (As used herein, the tenn "interest" refers generally to a 
user's liking of or affinity for an item; the term "known" is used to distinguish items for which 
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the user has implicitly or ejqslicitly indicated some level of interest from items predicted by 
the Recommendation Service to be of intaest) 

The recommendations are generated using a table which m^s items to lists of 
"similar" items C'similar items lists"), without the need for users to rate any items (although 

5 ratings data may optionally be used). For example, if there are three items that are known to 
be of interest to a particular user (such as three items the user recently purchased), the service 
may retrieve the similar items lists for these three items from the table, and appropriately 
combine these lists (as descrited below) to generate tKe recommendations. 

In accordance with one aspect of the invention, the mappings of items to similar items 

1 0 ("item-to-item ratings**) are generated periodically, such as once per week, from data which 
reflects the collective interests of the community of users. More specifically, the item-to-item 
mappings are generated by an off-line process which identifies correlations between known 
interests of users in particular items. For example, in the embodiment described in detail 
below, the mappings are generating by analyzing user purchase histories to identify 

1 5 correlations between purchases of particular items (e.g., items A and B are similar because a 
relatively large portion of the users that purchased item A also bought item B). The item-to- 
item m^pings could also reflect other types of similarities, mcluding content-based 
similarities extracted by analyzing item descriptions or content. 

An important aspect of the Recommendation Service is that the relatively 

20 computation-intensive task of correlating item interests is performed off-line, and the results 
of tills task (item-to-item mappings) are stored in a mapping structure for subsequent look-up. 
This enables tiie personal recommendations to be generated r^idly and efBcientiy (such as in 
real-time in response to a request by tiie user), vwtiiout sacrificing breadth of analysis. 

In accordance witfi another aspect of the invention, tiie similar items lists read firom tiie 

25 table are appropriately weighted (prior to being combined) based on indicia of flie user's 
aflSnity for or current interest in tiie conxsponding items of known interest. For example, in 
one embodunent described below, if tiie item of known interest was previously rated by tiie 
user (such as tiirough use of tiie BookMatcher service), tiie rating is used to weight tiie 
corresponding similar items list. Similarly, ttie similar items list for a book tiiat was purchased 

30 in tiie last week may be weighted more heavily tiian tiie similar items list for a book tiiat was 
purchased four months ago. 

Anotiier feature of tiie invention involves using tiie current and/or recent contents of 
tiie user's shopping cart as inputs to tiie Recommendation Service. For example, if flie user 
currentiy has tiiree items in his or her shopping cart, tiiese tiiree items can be treated as tiie 
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items of known interest for purposes of generating recommendations, in which case the 
recommendations may be generated and displayed automaticaUy when the user views the 
shopping cart contents. If the user has multiple shopping carts, the recommendations are 
prefaably generated based on the contents of the shopping cart impUcitly or expUcitly 
5 designated by the user, such as the shopping cart currendy being viewed. This method of 
generating recommendations can also be used within other types of recommendation systems, 
includmg content-based systems and systems that do not use item-to-item mappings. 

Using the cunent and/or recent shopping cart contents as inputs tends to produce 
recommendations that are highly correlated to the current short-term interests of the us» - 
10 even if these short term interests are not reflected by the user's purchase history. For example, 
if the user is currently searching for a Mier's day gift and has selected several books for 
prospective purchase, this method wUl have a tendency to identify other books that are well 
suited for the gift recipient 

Anodier feature of the invention involves generating recommendations that are 
15 specific to a particular shopping cart This allows a user who has created multiple shopping 
carts to conveniently obtain recommendations that are specific to the role or purpose to the 
particular cart. For example, a user who has created a personal shopping cart for buying 
books for her children can designate diis shopping cart to obtain recommendations of 
children's books. In one embodiment of this feature, the recommendations are generated 
20 based solely upon the current contents of the shopping cart selected for display. In another 
embodiment, the user may designate one or more shopping carts to be used to generate the 
recommendations, and the service then uses the itons that were purchased fixjm these 
shopping carts as the items of known interest 

As will be recognized by those skilled in the art, the above-described techniques for 
25 using shopping cart contents to generate recommendations can also be incorporated into other 
types of recommendation systems, including pure content-based systems. 

Figure 1 illustrates the basic components of the Amazon.com Web site 30, including 
the components used to inqjlement the Recommendation Service. The arrows in Figure 1 
show the general flow of information that is used by the Recommendation Service. As 
30 illustrated by Figure 1 , the Web site 30 includes a Web server application 32 C'Web server") 
which processes HTTP (Hypertext Transfer Protocol) requests received over the Internet bom 
user computers 34. The Web server 34 accesses a database 36 of HTML (Hypertext Markup 
Language) content vAdch includes product information pages and other browsable information 
about the various products of die catalog. The "items" that are the subject of the 
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Recommendation Service arc the titles (regardless of media format such as hardcover or 
paperback) that are represented within this database 36. 

The Web site 30 also includes a 'Hiser profiles" database 38 ^ch stores account- 
specific information about users of the site. Because a group of individuals can share an 

5 account, a given '*usef' from the perspective of the Web site may include multiple actual 
users. As illustrated by Figure 1, the data stored for each user may include one or more of the 
following types of information (among other things) that can be used to generate 
reconmiendations in accordance with the invention: (a) the user's purchase history, including 
dates of purchase, (b) the user's item ratings profile (if any), (c) the current contents of the 

10 user's personal shopping cart(s), and (d) a listing of items that were recently (e.g., within the 
last six months) removed ftom the shopping cart(s) without being purchased C*rec^t 
shopping cart contents"). If a given user has multiple shopping carts, the purchase history for 
that user may include information about the particular shopping cart used to make each 
purchase; preserving such information allows the Reconunendation Service to be configured 

15 to generate reconunendations that are specific to a particular shopping cart 

As depicted by Figure 1, the Web server 32 communicates with various external 
components 40 of the site. These external components 40 include, for example, a search 
engine and associated database (not shown) for enabling users to interactively search the 
catalog for particular items. Also included within the external components 40 are various 

20 order processing modules (not shown) for accepting and processing orders, and for updating 
the pxirchase histories of the users. 

The external components 40 also include a shopping cart process (not shown) which 
adds and removes items from the users' personal shopping carts based on the actions of the 
respective users. (The term "process" is used herein to refer generally to one or more code 

25 modules that are executed by a computer system to perform a particular task or set of related 
tasks.) In one embodiment, the shopping cart process periodically "prunes" the personal 
shopping cart listings of items that are deemed to be dormant, such as items that have not been 
purchased or viewed by the particular user for a predetermined period of time (e.g. two 
w^ks). The shopping cart process also preferably generates and niaintains the user-specific 

30 listings of recent shopping cart contents. 

The external components 40 also include recommaidation service components 44 that 
are used to implement the site's various recommendation services. Reconunendations 
generated by the recommendation services are returned to the Web server 32, which 
incorporates the recommendations into personalized Web pages transmitted to users. 
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The recommendation service components 44 include a BookMatcher plication 50 
which implements the above-described BookMatcher service. Users of the BookM6tcher 
service are provided the opportunity to rate individual book titles from a list of popular titles. 
The book titles are rated according to the following scale: 

5 

l=Bad! 

2 = Not for me 

3 = 0K 

4 = Likedit 

10 5 = Loved it! 

Users can also rate book titles during ordinary browsing of the site. As depicted in Figure 1, 
the BookMatcher q)plication 50 records the ratings within the user's items rating profile. For 
example, if a user of the BookMatcher service gives the book Into Thin Air a score of "5," the 

1 5 BookMatcher application 50 would record the item (by ISBN or other identifier) and the score 
wdthin the user's item ratings profile. The BookMatcher application 50 uses the users' item 
ratings profiles to generate personal reconmiendations, which can be requested by the user by 
selecting an appropriate hyperlink. As described in detail below, the item mtings profiles are 
also used by an "Instant Recommendations" implementation of the Reconmiendation Service. 

20 The recommendation services components 44 also include a recommendation process 

52, a similar items table 60, and an off-line table generation process 66, which collectively 
implement the Recommendation Service. As depicted by the arrows in Figure 1, the 
recommendation process 52 generates personal recommendations based on information stored 
within the similar items table 60, and based on the items that are known to be of interest 

25 ("items of known interest") to the particular user. 

In the embodhnents described in detail below, the items of known interest are 
identified based on information stored in the user's profile, such as by selecting all items 
purchased by the user or all items in the user's shopping cart In other embodiments of the 
invention, other types of methods or sources of information could be used to identify the items 

30 of known interest For example, in a service used to recommend Web sites, the items (Web 
sites) known to be of inters to a user could be identified by parsing a Web server access log 
and/or by extracting URLs from the "favorite places" list of the user's Web browser. \n a 
service used to recommend restaurants, the items (restaurants) of known interest could be 
identified by parsing the user's credit card records to identify restaurants that were visited 

35 more than once. 
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The various processes 50, 52, 66 of the recommendation services may run. for 
example, on one or more Unix or NT based woricstalions or physical servers (not shown) of 
the Web site 30. The similar items table 60 is preferably stored as a B-tree data structure to 
permit efficient look-iq>, and may be replicated across multiple machines (together with the 

5 associated code of the recommendation process 52) to acconmiodate heavy loads, 
n. Similar Items Table rFigure I) 

The general form and contoit of the similar items table 60 will now be described with 
reference to Figure 1 . As this table can take on many alternative forms, the details of the table 
are intended to illustrate, and not limit, the scope of the invention. 

10 As indicated above, the similar items table 60 maps items to lists of similar items 

based at least upon the collective interests of the conmiunity of users. The similar items table 
60 is preferably generated periodically (e.g., once per week) by the off-line table generation 
process 66. The table generation process 66 generates the table 60 from data that reflects the 
collective interests of the conununity of users. In the embodiment described in detail herein, 

1 5 the similar items table is generated exclusively from the purchase histories of the conmiunity 
of users (as depicted in Figure 1). In other embodiments, the table 60 may additionally or 
alternatively be generated from other indicia of user-item interests, including indica based on 
users viewing activities, shopping cart activities, and item rating profiles. For example, the 
table 60 could be built exclusively from tiie present and/or recent shopping cart contents of 

20 users. The similar items table 60 could also reflect non-collaborative type item similarities, 
including content-based similarities derived by comparing item contents or descriptions. 

Each entry in the similar items table 60 is preferably in the form of a mapping of a 
popular item 62 to a corresponding list 64 of similar items ("similar items lists"). As used 
herein, a "popular^' item is an item wdiich satisfies some pre-specified popularity criteria. For 

25 example, in tiie embodiment described herein, an item is treated as popular of it has been 
purchased by more tiian 30 customers during the life of the Web site. Using this criteria 
produces a set of popular items (and thus a recommendation service) which grows over time. 
The similar items list 64 for a given popular item 62 may include other popular items. 

In other embodiments mvolving sal» of products, the table 60 may include entries for 

30 most or all of the products of the online merchant, rather than just the popular items. In the 
embodunent described herein, several different types of items (books, CDs, videos, etc.) are 
reflected within the same table 60, although separate tables could alternatively be generated 
for each type of item. 
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Each similar items list 64 consists of tiie N (e.g., 20) items wbidi, based on 
correlations between purchases of items, are deemed to be the most closely related to the 
respective popular item 62. Each item in the similar itmis list 64 is stored together with a 
commonality index C'CF) value vsWch indicates the relatedness of that item to the popular 
5 item 62, based on sales of the respective items. A relatively high commonality mdex for a pair 
of items ITEM A and ITEM B indicates that a relatively large percentage of users who bought 
ITEM A also bought ITEM B (and vice versa). A relatively low conraionality index for 
ITEM A and ITEM B indicates that a relatively small percentage of the users who bought 
ITEM A also bought ITEM B (and vice versa). As described below, the similar items lists are 

10 generated, for each popidar item, by selecting the N other items that have the highest 
commonality index values. Using this method, ITEM A may be included in ITEM B's similar 
items list even though ITEM B in not present in ITEM A's similar items list 

In the embodiment depicted by Figure 1, the items are represented within the similar 
items table 60 using product IDs, such as ISBNs or other identifiers. Alternatively, the items 

15 could be represented within the table by tide ID, where each title ID corresponds to a given 
'Svork" regardless of its media format In either case, different items which correspond to the 
same work, such as the hardcover and p^rback versions of a given book or the VCR cassette 
and DVD versions of a given video, are preferably treated as a unit for pxirposes of generating 
recommendations. 

20 Although the reconunendable items in the described system are in the form of book 

titles, music titles and videos titl^ it will te appreciated that the underlymg methods and data 
structures can be used to recommend a wide range of other types of items. For example, in the 
system depicted by Figure 1, the Recommendation Service could also be used to recommend 
authors, artists, and categorizations or groups of works. 

25 ni. General Process for Generating Recommendations (Tigure 2) 

The general sequence of steps that are performed by the recommendation process 52 
to generate a set of personal recommendations will now be described with reference to Figure 
2. This process, and the more specific implementations of the process depicted by Figures 5 
and 7 (described below), are intended to illustrate, and not limit, tiie scope of the invention. 

30 The Figure 2 process is preferably invoked in real-time in response to an online action 

of the user. For example, in an Instant Recommendations implementation (Figure 5 and 6) of 
the service, the recommendations are generated and displayed in real-time (based on the user's 
purchase history and/or item ratings profile) in response to selection by the user f a 
corresponding hyperlink, such as a hyperlink which reads "Instant Book Recommendations" 
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or "Instant Music Recommendations." In a shopping cart based implementation (Figure 7), 
the recommendations are generated (based on the user's current and/or recent shopping cart 
contents) in real-time v/hen the user initiates a display of a shopping cart, and are displayed on 
the same Web page as the shopping cart contents. The Instant Recommendations and 
5 shopping cart based embodiments are described separately below under corresponding 
headings. 

Any of a variety of othCT methods can be used to initiate the rKX)nmiendations 
generation process and to display the reconmiendations to the user. For example, the 
reconmiendations can automatically be generated periodically and sent to the user by e-mail, 

1 0 in which case the e-mail listing may contain hyperiinks to the product information pages of the 
recommended items. Further, the personal recommendations could be generated in advance 
of any request or action by the user, and cached by the Web site 30 until requested. 

As illustrated by Figure 2, the first step (step 80) of the recommendations-generation 
process involves identifying a set of items that are of known interest to the user. The 

15 "knowledge" of the user's interest can be based on explicit indications of interest (e.g., the 
user rated the item highly) or impUcit indications of mterest (e.g., the user added the item to a 
shopping cart). Items that are not "popular items" within the similar items table 60 can 
optionally be ignored during this step. 

In the embodiment depicted in Figure 1, the items of known interest are selected from 

20 one or more of the following groups: (a) items in the user's purchase history (optionally 
limited to those items purchased from a particular shopping cart); (b) items in the user's 
shopping cart (or a particular shopping cart designated by the user), (c) items rated by the user 
(optionally with a score that exceeds a certain threshold, such as two), and (d) items in the 
"recent shopping cart contents" list associated with a given user or shopping cart. In other 

25 embodiments, the items of known interest may additionally or alternatively be selected based 
on the viewing activities of the tiser. For example, the recommendations process 52 could 
select items that were viewed by the user for an extended period of time and/or viewed more 
than once. Further, the user could be prompted to select items of interest from a list of popular 
items. 

30 For each item of known interest, the service retrieves the corresponding similar items 

list 64 from the similar items table 60 (step 82), if such a list exists. If no entries exist in the 
table 60 for any of the items of known interest, the process 52 may be terminated; 
alternatively, the process could attempt to identify additional items of interest, such as by 
accessing other sources of interest information. 
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In step 84, the similar items lists 64 are optionally weighted based on information 
about the user's aflBnity for the corresponding items of known interest For example, a similar 
items list 64 may be weighted heavily if the user gave the corresponding popular item a rating 
of "5" on a scale or 1-5, or if the user purchased multiple copies of the item. Wei ghting a 
5 similar items list 64 heavily has the effect of increasing the likelihood that the itans in that list 
we be included in the recommendations that are ultimately presented to the user. In one 
implementation described below, the user is presumed to have a greater affinity for recently 
purchased items over earlier purchased items. 

The similar items lists 64 are preferably weighted by multiplying the commonality 

1 0 index values of the list by a weighting value. The commonality index values as weighted by 
any ^licable weighting value are referred to herein as "scores." In other embodiments, the 
recommendations may be generated wthout weighting the similar items lists 64. 

If multiple similar items lists 64 are retrieved in step 82, the lists are appropriately 
combined (step 86), such as by merging the lists while summing the scores of like items. The 

1 5 resulting list is then sorted (step 88) in order of highest-to-lowest score. In step 90, the sorted 
list is filtered to remove unwanted items. The items removed during the filtering process may 
include, for example, items that have already been purchased or rated by the user, and items 
that fall outside any product group (such as music or books), product category (such as non- 
fiction), or content rating (such as PG or adult) designated by the user. The filtering step 

20 could alternatively be performed at a different stage of the process, such as during the retrieval 
of the similar items lists 6om the table 60. The result of step 90 is a list C'recommendations 
list") of other items to be recommended to the user. 

In step 92, one or more additional items are optionally added to the recommendations 
list In one embodiment, the items added in step 92 are selected fiom the set of items (if any) 

25 in the user's "recent shopping cart contents" list As an important benefit of this step, the 
recommendations include one or more items that the user previously considered purchasing 
bxit did not purchase. The items added in step 92 may additionally or alternatively be selected 
using another recommendations method, such as a content-based method. 

Finally, in step 94, a list of the top M (e.g., 15) items of the recommendations list are 

30 returned to flie Web server 32 (Figure 1). The Web server incorporates tiiis list into one or 
more Web pages that are returned to the user, with each recommended item being presented as 
a hypertextual link to the item's product information page. The recommendations may 
alternatively be conveyed to the user by «nail, facsimile, or other transmission method. 
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Fxirtiier, the recommendations could be presented as advertisements for tiie recommended 
items. 

rV. Generation of Similar Items Table (Figures 3 and 4) 

The table-generation process 66 is preferably executed periodically (e.g., once a week) 
5 to generate a similar items table 60 that reflects the most recent purchase history data. The 
recommendation process 52 uses the most recently generated version of the table 60 to 
generate recommendations. 

Figure 3 illustrates the sequence of steps that are performed by the table generation 
process 66 to build tiie similar items table.60. TTie general form of temporary data structures 
10 that are generated during the process are shown at the right of the drawing. As will be 
appreciated by those skilled in the art, any of a variety of alternative methods could be used to 
generate the table 60. 

As depicted by Figure 3, the process initially retrieves the purchase histories for all 
customers (step 100). Each purchase history is in the general form of the user ID of a 

15 customer together with a list of the product IDs (ISBNs, etc.) of the items (books, CDs, 
videos, etc.) purchased by that customer. In embodiments vAnch support multiple shopping 
carts within a given accoimt, each shopping cart could be treated as a separate customer for 
purposes of generating the table. For example, if a given user (or group of users that share an 
account) purchased items from two difiFerent shopping carts within the same accoimt, these 

20 purchases could be treated as the purchases of separate users. 

The product IDs may be converted to title IDs during this process, or when the table 
60 is later used to generate recommendations, so that different versions of an item (e.g., 
hardcover and paperback) are represented as a single item. This may be accomplished, for 
example, by using a separate database vMoh maps product IDs to titie IDs. To generate a 

25 similar items table that strongly reflects the current tastes of the community, the purchase 
histories retrieved in step 100 can be limited to a specific time period, such as the last six 
months. 

In steps 102 and 104, the process generates two temporary tables 102A and 104 A. 
The first table 102A maps individual customers to the items they purchased The second table 
30 104A maps items to the customers that purchased such items. To avoid the effects of "ballot 
stufSng," multiple copies of the same item purchased by a single customer are r^resented 
witii a single table entry. For example, even if a single customer purchased 4000 copi« of 
one book, the customer will be treated as having purchased only a single copy. In addition, 
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items that were sold to an insignificant number (e.g., < 15) of ciistomers are preferably 
omitted or deleted firom the tables 102A, 104B. 

In step 106, the process ideitifies the items that constitute "popular*' items. This may 
be accomplished, for exanq)lc, by selecting ftom the item-to-customers table 104A those 
5 items that were purchased by more than a threshold number (e.g., 30) of customers. In the 
context of the Amazon,com Web site, to resulting set of popular items may contain hundreds 
of thousands or millions of items. 

In step 108, the process counts, for each (popularjtem, otherjtem) pair, the number 
of customers that are in common. A pseudocode sequence for performing this step is listed in 
10 Table 1 . The result of step 108 is a table that indicates, for each (popularjtem, otherjtem) 
pair, the number of customers the two have in conmioa For example, in the hypothetical 
table 108 A of Figure 3, POPULAR_A and ITEM^B have seventy customers in common, 
indicating that seventy customers bought both items. 



15 



TABLE 1 



for each popularjtem 
for each customer in customers of item 
for each otherjtem in items of customer 
increment common-customer-count(popular Jtem, otherjtem) 



In step 110, the process generates the commonality indexes for each (popularjtem, 
otherjtem) pair in the table 108 A. As indicated above, the commonality index (CI) values 
are measures of the similarity between two items, with larger CI values indicating greater 
degrees of similarity. The commonality indexes are preferably generated such that, for a 
20 given popularjtem, the respective commonality indexes of the corresponding other Jtems 
take into consideration both (a) the number of customers that are common to both items, and 
(b) the total number of customers of the otherjtem. A preferred method for generatmg the 
commonality index values is set forth in the equation below. 

f , V customers of item A and item B 

25 Cl{item _ A, item _ 5) = . y - - . 

^{customers of item _A)x {customers of item _ E) 

Figure 4 illustrates this method in example form. In the Figure 4 example, item_P (a 
popular item) has two "other items," item_X and item_Y. Item_P has been purchased by 300 
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customers, item_X by 300 customers, and item_Y by 30,000 customers. In addition, item_P 
and item_X have 20 customers in common, and item_P and item_Y have 25 customers in 
common. Applying the equation above to the values shown in Figure 4 produces the 
following results: 

5 

CI(item_P, item_X) = 20/sqrt(300 X 300)) = 0.0667 
CI(item_P, item_Y) = 25/sqrt(300 X 30,000)) = 0.0083 

Thus, even though items P and Y have more customers in common than items P and X, items 
10 P and X are treated as being more similar than items P and Y. This result desirably reflects the 

fact that the percentage of item_X customers that bought item_P (6.7%) is much greater than 

the percentage of item^Y customers that bought item_P (0.08%). 

Because this equation is symmetrical (i.e., CI(item_A, item_B) = CI(item_B, 

item_A) ), it is not necessary to separately calculate the CI value for every location in the table 
1 5 108 A. In other embodiments, an asymmetrical method may be used to generate the CI values. 

For example, the CI value for a (popularjtem, otherjtem) pair could be generated as 

(customers of popularjtem and other_item)/(customers of other_item). 

Following step 1 10 of Figure 3, each popular item has a respective "otherjtems" list 

which includes all of the other Jtems finom the table 108A and their associated CI values. In 
20 step 112, each other Jtems list is sorted from highest-to-lowest conmionality index. Using the 

Figure 4 values as an example, item_X would be positioned closer to the top of the item_B's 

list than item_Y, since 0.014907 > 0.001643. 

In step 1 14, the sorted other Jtems lists are fdtered by deleting all list entries that have 

fewer than 3 customers in commoiL For example, in the otherjtems list for POPULAR_A in 
25 table 108A, ITEM_A would be deleted since POPULAR_A and ITEM_A have only two 

customers in conunon. Deleting such entries tends to reduce statistically poor correlations 

between item sales. 

In step 116, the sorted otherjtems lists are truncated to length N to generate the 
similar items lists, and the similar items lists are stored in a B-tr^ table structure for efiBcient 
30 look-iq) 

As indicated above, any of a variety of other methods for evaluating similarities 
between items could be incorporated into the table generation process 66. For example, the 
table generation process could compare item contents and/or use previously-assigned product 
categorizations as additional indicators of item similarities. An important benefit of the Figure 
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3 method, however, is that the items need not contain any content that is amenable to feature 
extraction techniques, and need not be pre-assigned to any categories. For example, the 
method can be used to generate a similar items table given nofliing more than the product IDs 
of a set of products and user purchase histories with respect to these products. 
5 Another important benefit of the Recommendation Service is that the bulk of the 

processing (the generation of the similar items table 60) is perfomied by an off-line process. 
Once this table has been generated, personalized recommendations can be generated rapidly 
and efficiently, without sacrificing breadth of analysis. 
V. Instant Recommendations Service (Figures 5 and 6) 

10 A specific implementation of the Reconamendation Service, referred to herein as the 

Instant Recommendations service, will now be described with reference to Figures 5 and 6. 

As indicated above, the Instant Recommendations service is invoked by the user by 
selecting a corresponding hyperlink from a Web page. For example, the user may select an 
"Instant Book Recommendations" or similar hyperlink to obtain a listing of recommended 

15 book titles, or may select a "Instant Music Recommendations" or "Instant Video 
Reconmiendations" hyperlink to obtain a listing of recommended music or video titles. As 
described below, the user can also request that the recommendations be limited to a particular 
item category, such as "non-fiction," "jazz" or "comedies," The Instant Recommendations 
service generates the recommendations based exclusively on the purchase history and any 

20 item ratings profile of the particular user. The service becomes available to the user (i.e., the 
appropriate hyperiink is presented to the user) once the user has purchased and/or rated a 
threshold number (e.g. three) of popular items within the corresponding product group. If the 
user has established multiple shopping carts, the user may also be presented the option of 
designating a particular shopping cart to be used in generating the recommendations. 

25 Figure 5 illustrates the sequence of steps that are performed by the Instant 

Recommendations service to generate personal recommendations. Steps 180-194 in Figure 5 
correspond, respectively, to steps 80-94 in Figure 2. In step 180, the process 52 identifies all 
popular items that have been purchased by the user (from a particular shopping cart, if 
designated) or rated by the user, within the last six months. In step 182, the process retrieves 

30 the similar items lists 64 for these popular items from the similar items table 60, 

In step 1 84, the process 52 weights each similar items list based on the duration since 
the associated popular item was purchased by the user (with recently-purchased items 
weighted more heavily), or if the popular item was not purchased, the rating given to the 
popular item by the user. The formula used to generate the weight values to ^ly to each 
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similar items list is listed in C in Table 2. In this fomiula, "is_purchased" is a boolean 
variable which indicates v^iiether tiie popular item was purchased, "rating" is the rating value 
(1-5), if any, assigned to the popular item by the user, "order_date" is the date/time (measured 
in seconds since 1970) the popular item was purchased, "now" is the cunent date/time 
5 (measured in seconds since 1970), and "6 months" is six months in seconds. 



TABLE 2 


1 


Weight = ( (is_purchased ? 5 : rating) • 2 - 5) ♦ 




2 


( 1 + (raax( (is purchased ? order_date : 0) - (now - 6 months), 0 ) ) 




3 


/ (6 months)) 





In line 1 of the formula, if the popular item was purchased, the value "5" (the 
maximum possible rating value) is selected; otherwise, the user's rating of the item is selected. 

10 The selected value (which may range from 1-5) is then multiplied by 2, and 5 is subtracted 
from the result The value calculated m line 1 thus ranges from a minimum of -3 (if the item 
was rated a "1") to a maximum of 5 (if the item was purchased or was rated a "5*0. 

The value calculated in line 1 is multiplied by the value calculated in lines 2 and 3, 
which can range from a minim um of 1 (if the item was either not purchased or was purchased 

15 at least six months ago) to a maximum of 2 fif oider_date = now). Thus, the weight can range 
from a mimmum of -6 to a maximum of 1 0. Weights of zero and below indicate that the user 
rated the item a '*2" or below. Weights higher than 5 indicate that the user actually purchased 
the item (although a weight of 5 or less is possible even if the item was purchased), with 
higher values indicating more recent purchases. 

20 The similar items lists 64 are weighted in step 184 by multiplying the CI values of the 

list by the corresponding weight value. For example, if the weight value for a given popular 
item is ten, and the similar items list 64 for the popular item is 

(productid_A, 0.10), (productid_B, 0.09), (productid_C, 0.08), ... 

25 

the weighted similar items list would be: 

(productid_A, 1.0), (productid_B, 0,9), (productid_C, 0.8), ... 
30 The numerical values in the weighted similar items lists are referred to as "scores." 
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In step 186, the weighted similar items lists are merged (if multiple lists exist) to form 
a single list During this step, the scores of like items are summed. For exany)le, if a given 
otherjtem J^pears in three different similar items lists 64, the three scores (including any 
negative scores) are summed to produce a composite score. 
5 In step 188, the resulting list is sorted &om highest-to-lowest score. The effect of the 

sorting operation is to place the most relevant itons at the top of the list In step 190, the list is 
filtered by deleting any items that (1) have aheady been purchased or rated by tiie user, (2) 
have a negative score, or (3) do not fall within the designated product group (e.g,, books) or 
category (e.g., "science fiction," or "jazz**). 

10 In step 192 one or more items are optionally selected fiom the recent shopping cart 

contents list (if such a list exists) for the user, excluding items that have been rated by the user 
or which fall outside the designated product group or category. The selected items, if any, are 
inserted at randomly-selected locations within the top M (e.g., 15) positions in the 
recommendations list Finally, in step 194, the top M items from the recommendations list are 

15 returned to the Web server 32, which incorporates these recommendations into one or more 
Web pages. 

The general form of such a Web page is shown in Figure 6, which lists five 
reconunended items. From this page, the user can select a link associated with one of the 
reconmiended items to view the product mformation page for that item. In addition, the user 

20 can select a "more recommendations" button 200 to view additional items fix)m the list of M 
items. Further, the user can select a "refine your recommendations" link to rate or indicate 
ownership of the recommended items. Indicating ownership of an item causes the item to be 
added to the user*s purchase history listing. 

The user can also select a specific category such as "non-fiction" or "romance" from a 

25 drop-down menu 202 to request category-specific recommendations. Designating a specific 
category causes items in all other categories to be filtered out in step 190 (Figure 5). 
VI. Shopping Cart Based Recommendations (Figure 7) 

Another specific implementation of the Recommendation Service, referred to herein as 
shopping cart recommeiidations, will now be described with reference to Figure 7. 

30 The shopping cart reconmiendations service is preferably invoked automatically when 

the user displays the contents of a shopping cart that contains more than a threshold number 
(e.g., 1) of popular items. The service generates the recommendations based exclusively on 
the current contents of the shopping cart As a result, the recommendations tend to be highly 
correlated to the user's current shopping interests. In other implementations, the 
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recommendations may also be based on other items that are deemed to be of current interest to 
the user, such as items in the recent shopping cart contents of the user and/or items recently 
viewed by the user. Further, other indications of the user's current shopping interests could be 
incorporated into the process. For example, any search terms typed into the site's search 
5 engine during the user's browsing session could be captured and used to perform content- 
based filtering of the recommended items list 

Figure 7 illustrates the sequence of steps that are performed by the shopping cart 
recommendations service to generate a set of shopping-cart-based recommendations. In step 
282, the similar items list for each popular item in the shopping cart is retrieved ftom the 

10 similar items table 60. The similar items list for one or more additional items that are deemed 
to be of cuirent interest could also be retrieved during this step, such as the list for an item 
recently deleted from the shopping cart or recently viewed for an extended period of time. 

In step 286, these similar items lists are merged while summing the conmionality 
index (CI) values of the list items. In step 288, the resulting list is sorted from highest-to- 

1 5 lowest score. In step 290, the list is filtered to remove any items that exist in the shopping cart 
or have been purchased or rated by the user. Finally, in step 294, the top M (e.g., 5) items of 
the list are retumed as recommendations. The recommendations are preferably presaited to 
the user on the same Web page (not shown) as the shopping cart contents. 

If the user has defined multiple shopping carts, the recommendations generated by the 

20 Figure 7 process may be based solely on the contents of the shopping cart currently selected 
for display. As described above, this allows the user to obtain recommendations that 
correspond to the role or purpose of a particular shopping cart (e.g., work versus home). 

The various uses of shopping cart contents to generate recommendations as described 
above can be applied to other types of recommendation systems, including content-based 

25 systems. For example, the current and/or past contents of a shopping cart can be used to 
generate recommendations in a system in >^1iich mappinp of items to lists of similar items are 
generated from a computer-based comparison of item contents. Methods for performing 
content-based similarity analyses of items are well known in the art, and are therefore not 
described herein. 

30 Although this invention has been described in terms of certain preferred embodiments, 

other embodiments that are apparent to those of ordinary skill in the art are also within the 
scope of this invention. For exan^)le, although the embodiments described herein employ 
item lists, other programming methods for keeping track of and combining sets of similar 
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items can be used. Accordingly, the scope of the present invention is intended to be defined 
only by reference to the ^)pended claims. 

In the claims which follow, reference characters used to denote proems steps are 
provided for convenience of description only, and not to imply a particular order for 
5 performing the steps. 
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WHAT IS CLAIMED IS: 

1. In a computer system that provides user access to a database of itemis, a 
method of predicting items that wUl be of interest to a user, the method comprising the 

5 computer-implemented steps of: 

(a) generating a data structure which maps individual items of the database 
to corresponding sets of similar items in vAnch similarities between items are based at 
least upon the collective item interests of a community of users; 

(b) identifying items that are known to be of interest to the user, 

1 0 (c) for each of a plurality of the items identified in st^ (b), accessing the 

data structure to identify a corresponding set of similar items; 

(d) combining the sets of similar items identified in step (c) to generate a 
set of additional items; and 

(e) selecting at least some of the additional items of the set generated in 
IS step (d) to recommend to the user. 

2. The method of Qaim 1, wherein step (a) comprises analyzing purchase 
histories of users to identify correlations between purchases of items. 

3. The method of Claim 2, v^erein step (a) comprises, for each of a plurality of 
popular items, identifying other items for vAnch a relatively large portion of users that 

20 purchased the popular item also purchased the other item. 

4. The method of Claim 3, v^erein step (a) comprises calculating, for each 
(popular item, other item) pair, a similarity score which reflects a number of users that 
purchased both the popular item and the other item relative to a number of users that 
purchased at least one of the popular item and the other item. 

25 5. The method of Claim 1, ^^erein step (a) comprises calculating, for each of a 

plurality of item pairs (item_A, item_B), a similarity score which reflects a number of users 
that indicated an interest in both item_A and item_B relative to a number of users that 
indicated an interest in at least one of item_A and item_B. 

6. The method of Claim 5, whaein step (a) comprises storing the similarity 
30 scores within the data structure, and step (d) comprises using the similarity scores to combine 

sets of similar items. 

7. The method of Claim 1, wherein step (a) is repeated periodically, so that item 
similarities reflected in the data structure reflect current preferences of the community of 
users. 
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8. The method of Claim 1, wherein steps (bHe) are perfomied substantially in 
real-time in response to a request by the user. 

9. The method of Claim 1, A?Aerein the computer system implements online 
shopping carts for allowing users to select and hold items for possible purchase, and step (b) 

5 comprises selecting items that are currently in the user's shopping cart 

10. The method of Claim 1, \^^erein step (b) comprises identifying a plurality of 
items that were previously purchased by the user. 

1 1 . The method of Claim 1, vNiierein step (b) conqjrises selecting only items that 
have been placed within a designated shopping cart of a plurality of shopping carts of the user, 

10 the method thereby generating recommendations that are specific to a role of the designated 
shopping cart 

12. The method of Claim 1 , wherein step (d) comprises weighting at least some of 
the similar items sets identified in step (c) based on infomiation about the user's afBnity for 
corresponding items of known interest 

15 13. The method of Claim 1, wherein the computer system implements online 

shopping carts for allowing users to select and hold items for possible purchase, and keeps 
track of deletions of items from shopping carts, and wherein step (e) finther comprises 
selecting to reconmiend to the user an item that was previously removed from the user's 
shopping cart 

20 14. The method of Claim 1, wherein step (a)-(e) are performed without requiring 

any users to have rated items. 

15. The method of Clafan 1, further comprising filtering out shnilar items 
identified in step (c) to remove items aheady purchased by the user. 

16. The method of Claim 1, further comprising filtering out similar items 
25 identified in step (c) to remove items that do not fall within an item category designated by the 

user. 

17. In a computer system that provides access to a database of items, a system for 
recommending items to users, comprising: 

a first process which determines similarities between items by at least 
30 analyang historical data that reflects item interests of a community of users, the first 

process generating a data structure wiiich m^s items to sets of sinular items; and 

a second process vMoh generates personal recommendations for a user by 
accessing the data structure to identify sunilar items sets that correspond to items 
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known to be of interest to the user, and by combining the identified similar items sets 
to genwate a list of reconmiended items. 

18. The system of Claim 17, wherein the first process determines a similarity 
between a pair of items, item_A and item_B, by at least calculating a similarity score which 

5 reflects a number of users that are interested in both item_A and item_B relative to a number 
of users the are interested in item_A or item_B. 

19. The system of Claim 18, wherein the first process determines a similarity 
between a pair of items, item_A and item_B, by at least calculating a score value vMch 
reflects a number of users that purchased both item_A and item_B relative to a number of 

1 0 users that purchased item_A or item_B. 

20. The system of Claim 17, wherein the first process generates and stores within 
the data structure similarity scores that indicate degrees of similarity between items, and the 
second process uses the similarity scores to combine sets of similar items. 

21 . The system of Claim 17, wherein the first process is an off-line process which 
1 5 executes separately from the second proc^, and the second process generates 

recommendations substantially in real-time in response to requests icom users. 

22. The system of Claim 17, wherein the first process is executed periodically to 
generate a new data structure, so that item similarities reflected in the data structure reflect 
current preferences of the community of users. 

20 23. The system of Claim 17, wherem the computer system implements online 

shopping carts for allowing users to select and hold items for possible purchase, and \^dierein 
the second process generates recommendations for the user based on items that are currently 
in the user's shopping cart 

24. The system of Claun 17, wherein the second process weights at least some of 
25 the identified similar items sets based on information about the user's afiBnity for 

corresponding items of known interest 

25. The system of Claim 17, wherein the computer system allows a user to create 
multiple shopping carts within a single account, and the second process generates shopping 
cart specific recommendations to allow a user with multiple shopping carts to obtain 

30 recommendations specific to a role of a particular shopping cart 

26. The system of Claim 17, wlierein the system generates personal 
recommendations without requiring users to rate items. 

27. The system of Claim 17, v^erein the second process filters out items aheady 
purchased by the user 6om the similar items sets identified ftom the data structure. 
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28. The system of Claim 17, wAiCTein the second process filters out items fiom the 
similar items sets identified from the data structure based on item categories specified by 
users. 

29. A computer-implemented method of identifying items to recommend to a user 
5 fiom a database of items that are available for purchase, comprising: 

for each of a plurality of items that are known to be of interest to the user, 
identifying a set of items that are deemed to be similar to the respective item based at 
least upon a collective analysis of purchase histories of a plurality of users; and 

combining the resulting plurality of sets. 
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